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Results

Sediments at Stations 3,4,7,10,11 and 12 were
classified as clayey silts, whereas that at
Station 2 was classified as sand-silt clay
(Fig. F.5-2). Bivariate plots of % organics

vs % silts showed relatively lower organics and
silts at Station 2 than at other stations

(Figl F.5-3).

Straight-hinge and umbone larval abundances were
tabulated (Tables F.5-5 and F.5-6). No signifi-
cant station differences were detected with
ANOVA for straight-hinge larval abundance, but
significant date and date-station interaction
effects were found (Table F.5-7). Significant
date, station, and date-station interaction
effects were also seen for umbone larval abun-
dances (Table F.5-8). Specific orthogonal con-
trasts showed no differences between affected
and unaffected stations. Partially affected
Station 4 was different from partially affected
Station 7 (Table F.5-8).

Spat densities are tabulated in Table F.5-9,
Significant date, station, and date-station
interactions were detected using ANOVA (Table
F.5-10). Orthogonal contrasts of affected

and unaffected stations were not conducted be-
cause of sampler losses.

Juvenile Rangia densities (retention on 223-um
mesh) are shown in Table F.5-11. WNo statistical
testing of this data was done. Juvenile/adult
Rangia densities and biomasses (retention on
505-um mesh) are shown in Tables F.5-12 and
F.5-13, respectively. Significant date and
station effects were detected on Rangia density
(Table F.5-14). Orthogonal comparisons showed
significant differences between affected and
unaffected stations (Table F.5-14). Adjustment
for variability due to percent sand (ANCOVA)
did not alter the results of the ANOVA (Tables
F.5-15 and F.5-16). No ANOVAS were done using
biomass data.

Length-frequency histograms of the composite
1980 Rangia samples (lengths > 0.5mm) are given
in Fig. F.5-4 and month-specific distributions
are given by station in Figs. F.5-5 through

Fo 5-11 .
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® ANCDVA testing showed that a reduced linear model,
assuming equal slopes at all station-substrate
combinations, was appropriate for the seven
growth parameters (Table F.5-17). Assuming equal
slopes at all station-substrate combinations,
ANCOVA showed substrate effects on growth (final
length-initial length) and on final length. No
significant station effects were noted for any
of the growth parameters (Table F.5-18).

° In the summer growth studies, mean increase in
length generally was linear regardless of sub-
strate type (Fig. F.5-12). Growth measured by
increase in tissue dry weight was higher at sand
stations than at mud stations (Figure F.5-13),
but not significantly so. Length and weight
increases were not different among stations
regardless of substrate type (Figs. F.5-14
through Fig. F.5-17).

L] In the winter growth study, percent survival was
significantly higher at Station 3 (discharge)
than at Station 12 (reference) regardless of ini-
tial clam size (Table F.5-19). Changes in
length frequency distributions for the winter
growth study are shown in Figs. F.5-18 and
F.5-19.

L A length-weight regression assuming station-
specific coefficients showed significant station,
length, and station-length interaction effects
on condition (weight) of clams collected for
abundance studies regardless of size (Table
F.5-20). Direct station comparisons of least
squares mean weight estimates for Rangia < S5mm
in length showed differences between Stations
2 and 12 (both reference, but substrates some-
what different), Stations 2 and 4 (reference
vs. partially affected), and Stations 12 and 3
(reference vs affected) (Table F.5-21). For
clams > 5mm in length, all station comparisons
were significantly different except Stations 3
and 4 (affected vs partially affected) (Table
F.5-21). Estimation of the station-specific
coefficients showed that only Stations 3, 4, and
12 showed positive incremental effects on the
overall mean size for clams < 5mm, whereas only
Stations 7, 10, and 12 showed positive incremen-
tal effects on the overall mean size for
clams > 5mm (Table F.5-22), Calculated instan-
taneous growth rates by age (G) are shown in
Table F.5-23 for clams < 30mm.
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Instantaneous mortality rates for Stations 3, 4,
and 12 are 0.381, 0.356, and 0.190, respectively,
based.on integrated size density distributions
(Figs. F.5=-20 and F.5-21).

Annual productivity rates for Rangia populations
at Stations 3, 4, and 12 are 1.43, 1,90, and
145.21 g/m?2, respectively. Annual turnover
rates at these stations are 0.27, 0.41, and

9.34 g/m2, respectively.

Predation studies using caging experiments in
summer 1980 showed Rangia was significantly
preyed upon in uncaged situations. Correcting
for natural mortality (assumed total mortality

in caged situations is natural) showed that
predation mortality was highest at Station 3,
intermediate at Station 4, and lowest at Station
12 (Table F.5-24). Thus, the observed predation
mortality gradient corresponds to the temperature
gradient resulting from the power plant,

Significance and Critique of Findings

From the data presented, there does appear to

be a relationship between plant discharge and
Rangia mortality, with increased winter survival
in the discharge region due to a protective plant
influence and decreased spat and juvenile survi-
val in summer months due to increased predation.

Although the plant is affecting the Rangia popu-
lation dynamics in the Saltpeter and Dundee Creek
system, results of this study and other PPSP
studies (Appendices F.l and F.2) suggest that
effects are spatially limited. Nearby Chesapeake
Bay waters support large populations of Rangia
which could be used to restock affected Rangia
populations in the plant vicinity.

Sampling methods could have affected the strength
of some conclusions, particularly those relating
to size frequency distributions. The integrated
densities used to evaluate population mortality
rates may have been biased toward higher rates
because although the sampling gear (Ponar grab)
collected small (< 20 mm) clams well, it did less
well with larger clams.

Conclusions were often drawn from analyses which
incorporated large numbers of missing cells, ,
small samples, or physical-chemical stations dif-
ferences, For example, 50% of the observations
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in the spat abundance ANOVA were missing for the
affected stations (i.e., Stations 3 and 10).
Therefore, firm conclusions drawn from these
types of data sets should not be made.

F-64
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¢ Table F.5-1. Two-way analysis of variance model used for
Rangia spot abundance data (from Ref. 5}
® Y= u+.aj + 85+ Ejjk
where
Y = loge{organism abundance + 1.0)
¢ u = parameter representing overall mean logg
(abundance + 1.0)
aj = effect due to station i
@ Bi = effect due to sampling date j
ajBy = interaction effect of the ith station
and jth date above and beyond the effect of
each separately
® Eijk = experimental error assumed to be normally
distributed with a mean of zero and a variance
of o2
L
@
L
L
@
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Table F.5-2. ANCOVA designs used to analyze summer 1980 Rangia
growth studies (from Ref. 5)

For analysis assuming equal slopes (Bj) at all stations:

Y Wt ap+By + (aBlij = vk + B1X + Ej

(cij) (cijk)
where
Y = growth parameter
¥ = overall mean growth paramater
aj = effect at Station i
By = effect of substrate j

(aB)ij = effect of station-substrate

Yk = effect of trays rested in a station-substrate
(i3) combination
'81 = slope parameter for covariate term

X = (covariate term) time trap spent in water

E1 experimental error assured to be normally dis-

(ijk) tgibuted with a mean of zero and a variance of
&,

For analysis assuming station specific slopes:
Y = u+ af + By + (aB)ij + ax + Bj (aB)ij X + Ejjk
where

Bj(aB)j4j = slope for each station-substrate
combination.
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Table F.5-3. ANCOVA designs used to analyze condition (weight
in relation to length) of Rangia (from Ref. 5)

For analysis assuming equal slopes (87) at all stations:

b4

W+ aj + B + Ejj
where
Y = log-transformed weight
¥ = log-transformed overall mean weight

aj = effect of station i

Bi = slope parameter for covariate term
X = log-transformed length (covariate)
Ejy = experimental error assumed to be normally

distributed with a mean of zero and a var-
iance of ¢2,

For analysis assuming station-specific slopes: i

Y = u+ af + B1+ ajBit Ejq

where

ajBj = station-dependent slope parameter
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Table F.5-4. ANCOVA design to evaluate station differences
in length-weight relationships assuming station-
specific slopes (from Ref. 5)
= U+ a1X) + asXot a3X3 + agXg + agXg +

+ agX7 + BjX + a1B1X + apB1X + a3B1 X +
+ a4B1X + agB1X + agB1X + a7B1X + Eij
where Y = log-10 transformed weight
¥ = overall mean weight
«1X1 = station effect of Station 2
@9X9 = station effect of Station 3
a3X3 = station effect of Station 4
asXg = station effect of Station 7
asXs = station effect of Station 10
agXg = station effect of Station 11
ayX7 = station effect of Station 12
B = slope for length (covariate)
X = logip length
@1By = Station-dependent slope parameter for
Station 2
a2B] = Station-dependent slope parameter for
Station 3
a3B; = Station-dependent slope parameter for
Station 4
a4B; = Station-dependent slope parameter for
Station 7
agBy = Station-dependent slope parameter for
Station 10
agB]; = Station-dependent slope parameter for
Station 11
ayB] = Station-dependent slope parameter for
Station 12.
F-68
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Table F,5-15.

ia cuneata (505-um Ponar collections) analysis of

covariance results with percent sand as covariate,
C.P. Crane power plant, 1979 (from Ref. 8)

Source df
Covariate 1
Station 6
Date 3
Station * Date 18
Error 83
Total 111

ss

0.6324
90.5876
58.2536

117.2199
177.3138
670.8532

7.07
9.09
3.05

P(F*>F)

0.0001
0.0001
0.0003

(a)Performed on log, (Density + 1)
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.5-16. Rangia cuneaga (505-um- Ponar collections) analys@s of
Table ¥ covariance results with percent sand as covariate,

C.P. Crane power plant, 1980 (from Ref. 8)

Source df  SS(Type 1V) F* P(F*>F)
Covariate 1 5.7%80 @ ---- coa-
Station 6 260.7377 11.06 0.0001
Date 2 6.2280 0.79 0.4574
Station*Date 12 102.2288 2.17 0.0246
Error 62 243.7008

Total 83 764.8081

(a)Performed on loge (Density + 1)
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Table F.5-19. Percent survival of two size classes of Rangia cumeata studied
at two stations in the vicinity of C.P. Crane power plant,
29 October -8 April 1981 (from Ref. 5)

Size Class

station 3 50% 75%
Station 12 0 5%
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Table F.5-20, Analysis of covariance testing differences in weight/length
relationships between stations, assuming unequal slopes for the
linear model, C.P. Crane power plant, January-November 1980
(from Ref. 5)

www fastio.com

$S d.f. F* P(F®F)

Clams <5 mm _long |
Station 1.7956 6 12.97 0.0001
L°910 Tength 169.0278 1 7,326.10 0.0001
Station x length 0.9111 6 6.58 0.0001

interaction
Clams >5 mm long
Stations 2.9048 6 48.93 0.0001
Log, o length 0.6836 1 62.11 0.0001
Station x length 5.5603 § 84.20 0.0001

interaction
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Table F.5-21. Prediction of least squares mean weight (logyy transformed)
: of Rangia cuneata at each station for overall average 1og10
lengt]'xga' clams collected by size group, with comparisons
of the predictions between selected stations, linear model
with unequal slopes assumed, C.P. Crame power plant, January-
November 1980 (from Ref, 5)

(a)

LS Mean Station b
Station Log 0 Weight Comparisons:  DLS Mean( ) P(T®T)
Clams <5 mm long
' 2 0.1204 - 212 0.0541 0.0001 »(c)
3 0.1306 2/3 0.0102 0.4860
4 0.1709 -2/4 0.0505 0.0002 *
7 =0.0155 - 12/3 -0.0439 0.0051 *
10 0.1042 12/4 -0.0035 0.8040
12 0.1745 3/4 0.0403 g.0248
Clams >5 ma long
2 0.9737 .
3 1.1991 2/12 . =0.0545 0.0001 *
4 1.247 2/3 0.2254 ¢.0001 »
.7 0.9469 2/4 0.2734 0.0001 . b
10 1.0234 12/3 =0.2799 0.0001 *
12 0.9192 3/4 0.0480 0.1520

(a) Predicted at 'A".I 0910 length for all stations.

{bz Difference in predicted Teast squares mean waight.
¢) Significant at ¢ = 0.01.
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?. Table F.5-22. Estimate of the station-effects term (a;)} of the linear model
| relating logl0 weight to log 10 length oajf Rangia cuneata for
clams < Smm and > S mm long, unequal slopes assumes, C.P. Crane
power plant, January-November 1980 (from Ref. 5)
.
' Estimate
° Station Term Clams<Smm  Clams >5 mm
2 ay =0.0442 -0.0585
3 a, 0.0330 -0.3148
® 4 aq 0.0729 -0.2503
7 %y -0.1232 0.3857
10 ag -0.0136 0.1079
o 1 a -0.0003 -0.2554
12 ay 0.0753 0.3854
@
@
®
®
@ F-87
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Table F,5~23 Calculation of instantaneous growth rate (G) for size classes
of Rang_i%cmw.eata <30 mm long at C.P. Crane power plant,

January-November 1980 (from Ref, 5)

Age(b) At G(c)

-L_(mm) W gmgl(a) (days) (days) (days™")

0.5 0.00077 2.53
12.68 0.423566

3 0.16558 15.21
15.21 0.136518

6 1.32067 30.42
15.21 0.079858

9 4.44942 45.63 | )

: 15.21 0.056672

12 10.53559 60.84
15.21 0.043936

15 20.55348 - 76.05%
. . +158.21 0.0359%09

18 . 35.48829 91.26
15,21 0.030360

21 56.31636 106.47
15.21 0.026299

24 84.01530 121.68
15.21 0.023198

27 119.56215 136.89
: 15.21 0.020751

30 163.93337 152.10

(a) Calculated fram weight/length equation.
(b) Determined from growth rate.
(c) Instantaneous growth.
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e

Figure F.5-1. 1980 sampling stations for Rangia cuneata near the
C.P. Crane power plant (from RET 5)

F-90

ClibPD www fastio.com



Martin Marietta Environmental Center

(s *3ou woxz) ogel ‘Iuerd zomod
ouex) "d°D oYyl J18au Paledo] SUOTIEIS OTYIUR]G 3O UOTIBZIA010BIEYD 91BIISqNS TBUOSEAS °*Z-§°d InJl4

F-91

www fastio.com

ClibPD



Martin Marietta Environmental Center

(S "3°4 wouy) 0861 199030~ Arenuer ‘querd zemod suery -g-n oy3 aesu SuOTIBI0T JTYJURq
1B JUSWTPSS Y3l UT ITTS pue sorueSio Jo safejlonio 3o s3o1d 19313eDS 93BTIRATY

. v GOF - o *

*€-§ " sandry

Qo - snBny i
x -0
L] we HS%
oL 09 0 or oc 0oL 00 09 o o€
— i '] 3 ] i A A i d [ '] J | '] i i 'l '] [ ] 'l a-eh 1 q i 4 1 4 ] ﬁ [] ge
s L -y
ool
@ N . t | ¢ g ®
= r LD
YO B . . 3—-%@ - *hante B w
| . - + 1
@ - = S ©
74 | |
X L B
X ! z i
- Anyy i tudy i © Awrumy oz

F-92

www . fastio.com

ClibPD



Martin Marietta Environmental Center

(S "354 wox3y) 0861 Ioquedag-Axenuer juerd xomod aue1) *g+n
Syl JOo AITUIDIA 9yl UT uoTIEIS AQ S9IEBP I0AO poSerane (;u/ " ou)

TATRM I
TR
) \.p.h L Y
.\m.u. ¥ s...“ﬁohwsh& s

I

" iy

EES
N

asuepunqe yo (T + N) 3ot ‘eisound erduey jo Aousnboiy (um) y38uay “p-g°g aandrg

BRI WY

'
¢¢

4 WLivis

LA R CF L )
N e
A

F-93

www fastio.com

ClibPD




Martin Marietta Environmental Canter

TTTTTITI R ratialivediiial

(S "Fou woii) 0g6T IoquOAON-AIlenuep *
" ‘queld Jomod oueay °g-
2 uomiels je (ww) TeAdszut yiISuoel Aq BlEOUND BISUEY 3o mws\mowvemwmwmsmmwamwﬁ mwﬁ_m% °G -6 ] 2In3Tyq

W
v

%@(
¢

a, .7_
§
__'.., /,m/, W)

=

y A/ A 4
[/

yanw/a

{L+N) 907 3ONVANNEY

1., //,ﬂ, ﬁ

F-94

[ro.com

wavw fas

ClibPD




Martin Marietta Environmantal Canter

(S "39y woly) 86T IaquoaoN-Aremuer ‘jueld Jemod auer) °d°D oYl JO AITUTITA OYyj ur
Buey jJo ANE\ “ou) aduepunqe yo (1 + N) Sog

¢ UoTIeIS ' (um) yeAIauT YI3ual Aq BIESUND BT

‘9

§*J 9an3rq

(t+N) D07 3ONVANNGY

F-95

www fastio.com

ClibPD




Martin Marietta Environmental Center

(S *39¢ woiy) 86T JoquaoN-Arenuel ‘juerd zomod suer) *d°D syi Fo AJTUTITA oyl uT
t uotiels e (uwm) Teardur YI3ual Aq ejedund eISURY JO HNE\ *ou) aduepunge 3o (I + N) 8oy *z-5° 2andry

66600099
66'¥9-00°00 S
66'63-0099 &,
66'v3—00'09 L&
60°6r-00°9¥ A.\\
80°F¥—00'0F A
e6ec—009c <y
66°¥C—00'0C \_@v
66'62—-00°97
66°¥Z—00°0C
66'61-0094
86710001
66'6-009
66900

o

-]
]
{L+N) 907 3IONVQNNSY

09

F-96

www fastio.com

| ClibPD




Martin Marietta Environmantal Center

(s *Fo4d woiy) (861 JoquoAoN-Axerrrer ‘juerd Jomod suex) *g*
XD *d'D 9yl Jo LITUTDTA 9Y3 uT
[ uoTiElg e (W) JeArOT Y1dusT Aq BIEIUND ETIUEY JO (yu/-ou) aduepunqe Jo (T + N) 3o

*8-5°q andty

4 66'¥2-00'09 »
N 66'69-00°99 -1
66'¥9-0009 L &3
v eser—009y {4,
W 86 rh—00°0F A
86°6C—009E &0\_\
e r 66°¥E—00'0E 'y
r eo6L009 7
68'¥2—000C
v 66'61-00'91
s 86¥1—00'01
66'6—009
(1} 86'V—00T
y 66'1—00'1
: 680090 -
a 0 <
] » o
- . ; SLC -
- : . 1 ‘ ...Nu
= . - F0z »
- 1 z
= b o 1]
= , . - foe ™
..m. _ 1 ov nm.
2 foo %
= T o9
@ ® ® ® E
o ® ® [ ] ® ® O




Martin Marietta Environmental Center

(s *Fo4 woxy) (0861 IequosoN-Arenuer ‘jueyd Jomod auexy *d°D ayl Jo AITUIDTA o
TUTOTA 9Y) Ut
0T uoriels je (uw) TeAISIUT YIBua] 4q BIESUND BTSUBY jJo (Fu/‘ou) aduepunge Jo (I + N) ol

6-5°d 2an3rqg

(1+N) 2077 3ONVANNEY

F-98

www fastio.com

ClibPD




Martin Marietta Environmental Center

(5 *Jog woxz) 0g61 JoquoroN-Arenuer ‘queyd temod duei) °d-) Syl JO AATUIDTA Y3 Ul
11 uotTIels 38 (um) Teaxasur yiduoy Aq Elesund vriugy Jo (,u/°ou) douepunqe jo (I + N) o1 *01-§°d dandty

/7
7
7
/S 7
S/
A,

7
/7

3 3

{L+N) 907 FONVANNEY

TosTTPTtatnaLsdbaliaiving

F-99

www fastio.com

ClibPD



Martin Marietta Environmental Center

(s -

2T UOTIEIS

394 woxy) 0861 IoqueaoN-Arenuer ‘juerd Jomod suei) *4°) o9y3z Jo LITUIDIA 8yl UL

je (umr) [BAI9JUT YIJuof Aq e3BSUMD BISUERY JO (zu/ ou) souepunqe yo (I + N) 301

"T1-§*d 2an3td

{L+N) D07 3ONVANNSY

F-100

[ro.com

YYARYAYY: (CS

ClibPD




Martin Maristta Environmental Center

‘ (S *394 woI3y) (86T %2q03d0 ¢T-dung [T ‘juerd Jomod
duead °d‘) 9yl Fo AJTULDTA SYI UL SUOTIEIS I9A0 paferore
‘sadAy ajeaysqns om3 wouaj ejeound eISuEy JOo (um) yiSusT ueoy

31va
190 d3s onv nr

*Z1-§"d 2andty

N

dNyS g--.p
. anu o—e

HLONIT

ot

F-101

www fastio.com

ClibPD

1 ]




Martin Maristta Environmental Conter

(s "Joy woiy) 0861 19q0320 gI-sunf 1T ‘Juerd Iomod suery 4D
9yl Jo AITUTOTA 9Y) UT SUOTIELIS JaAo pofdeloae ‘sadiy ajeals

-qns oM} woty elesund erdugy Jo (Sw) JySrem Aip enssty ueol ‘¢1-G°'q oandrg
ilva
100 d3§ ony wnr NN
_ | i 1 1 | I

- 0S
- 00l _,
>4
0
7]
c
- o5t ™
=)
X
-
- 002 [
[l
2
o |

- 052

UAN o—e
: " 00t
nQ

F-102

www fastio.com

| ClibPD




Martin Marietta Environmental Canter

(s "Foy woay) 086T 19q03d0 ¢I-dunC 1T
‘querd 1emod suer) *d°D syl Jo AJTUIDIA JYyJ UT SUOTIEBIS S3IYJ
JB 93e131SGNS POl UT umoldd BIEdUND vTouTy Jo (um) y3BueT ueay ‘HI-§°J SINITY

Jiva
100 d3s W mr NOre

HLONT

F-103

www fastio.com

| clibPD




Martin Maristta Environmental Center

35 .
......... a
o—o 5T 3 o
G887 4
30 . 51'12 P
as .
x
-
o
]
- 20
1§
10
T ‘ | I | |
JUN JUL AUG SEP 0oCcT

DATE

Figure F.5-15. Mean length (mm) of Rangia cuneata grown in sand substrate at
three stations in the vicinity of the C.P. Crane power plant
11 June-13 October 1980 (from Ref. S)
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Figure F.5-16. Mean tissue dry weight (mg) of Rangi_a_ cuneata grown in mud
substrate at three stations in the vicimity of the C.P. Crane
power plant, 11 June-13 October 1980 (from Ref. 5)
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F.5-17. Mean tissue dry weight (mg) of Rangia cuneata grown in sand

substrate at three stations in the vicinity of the C.P.Crane

power plant, 11 June-13 October 1980 (from Ref. 5)
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igure F.5-18. Size class (initially < 20 mm long) frequency dis-
Figar tribution of live and dead marked Rangia cuneata,
| winter growth study at two stations in the vicinity
of the C.P. Crane power plant, 29 October 1980-
8 April 1980 (from Ref. 5)
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of live and dead marked Rangia cuneata, winter growth study
at two stations in the vicinity of the C.P. Crane power plant,
29 October 1980-8 April 1981 (from Ref. 5)
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Figure F.5-20. Integrated density (nm./m2 x 103) of ia cuneata in each

® length class, plotted by length class for selected stations in
the vicinity of the C.P. Crane power plant, Jaruary-November
1980 (from Ref. 5)
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Figure F.5-21. Natural logarithm of the integrated demsity (mo./m?) for each
size class, plotted by size class for selected stations in the
vicinity of the C.P. Crane power plant, January-November 1980
(from Ref. 5)
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APPENDIX G.l. WATERFOWL SURVEY

(Ecological Analysts, Inc.)

Objectives

To determine to what extent the nearfield region
of the C.P. Crane power plant is used as a
brooding and foraging area for waterfowl,
especially American black ducks.

. To determine whether plant operations affect
American black duck abundance and distribution.
Data Source
Ref. 25.

Study History

Field census began in the winter 1978-1979 (11-19

December 1978, 4 January 1979, and 11-17 January 1979)
and continued into the spring nesting (2nd and 3rd
weeks in April and May 1979) and summer nurturing
seasons (2nd and 4th weeks in June and July 1979).

Study Methods

Data from past censuses were reviewed to estab-
lish historical distributional and abundance
trends for waterfowl in the Atlantic flyway as
well as in the State of Maryland.

The winter field census was carried out every
other day from 11-19 December 1978 and from
11-17 January 1979. A one-day census was done
on 4 January to coincide with an aerial survey
by the Patuxent Wildlife Center. Pairing and
nesting of the American black ducks was censused
during the second and third weeks in April.
Hatching success was censused during the second
and third weeks in May. Brood success was deter-
mined in the second and fourth weeks of June and
July 1979.

The nearfield area around the plant was parti-
tioned into 3 study areas (Dundee Creek, Upper
Sal tpeter Creek, and Carroll Island) which were
further divided into three observation or census
sites (Fig. G.1l-1). Counts were conducted at
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each site for 30 minutes in the winter and for 15
minutes in the spring and summer. Area and
station order were randomly chosen during the
census. One observer did the winter census. Two
observers independently censused the three study
areas in the spring and summer.

High-altitude infrared pictures taken in April
1977 by the Maryland State Planning Department
were used to determine the amount of brood cover
in each of the three census areas.

G.1l.5 Analysis

Census data were grouped by subfamily and a two-
way PFriedman's test was used to determine if
significant (¢ < 0.05) differences in waterfowl
abundance existed among the three study areas.
When significant differences were indicated, a
Friedman's distribution-free multiple comparison
test was used to distinguish differences among
stations.

G.l.6 Results

www fastio.com

Historical winter waterfowl population estimates
for the Atlantic flyway and Maryland are shown
in Table G.1-1. The abundance of mallards and
American black ducks appears to be increasing in
the Aberdeen-Patapsco River near the plant and
along the upper western shore although it is
declining statewide. Diving ducks are also be-
lieved to be increasing in the Aberdeen-Patapsco
River, while declining in the upper western
shore and state-wide.

Results of the 1978-~1979 aerial winter waterfowl
census of the U.S, Fish and Wildlife Service for
the upper western shore of the Chesapeake Bay are
summarized in Table G.1-2. The survey showed that
8.4% of the American black ducks, 7.2% of the
mallards, 1.0% of the swans, and all of the common
pintail (two birds) found on the western shore
were present in the study area.

Past studies suggest that distribution, popula-
tion size, and feeding habits of some waterfowl
species in the upper Chesapeake Bay are related
to the availability of traditional food sources,
especially submerged aquatic vegetation. Surveys
of submerged aguatic vegetation indicate that the
C.P. Crane study area may be one of the better
feeding places for wintering waterfowl (Refs. 67
and 68).
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A total of 4,327 waterfowl of approximately 18
species were seen in 46.5 hours of observation

on ten mornings from 11 December 1978 through

17 January 1979 (Table G.1-3). Seven species
made up 95% of the total count: geese (42.8%);
whistling swan (20.4%); gadwell (11.4%); American
widgeon (5.9%); mallard (5.8%); American black
duck (5.2%); and canvasback (3.9%).

Friedman's test indicated that swans were observed
in significantly lower (a < 0.05) numbers in Salt-
peter Creek than in the other two study areas. No
significant differences among study areas were de-
tected in the number of geese, dabble ducks, bay
ducks, and mergansers. However, a review of the
census data (Table G.l1-3) suggests that differ-
ences in waterfowl distribution between areas

does exist, but this nonparametric statistical
test may not have been sensitive enough to

detect them.

Ninety-two percent of the mergansers were observed
either near the plant in Area 3 of Saltpeter Creek
or just downstream of the plant in Area 1 (Bengies
Cove) of Carroll Island. Distribution data
strongly suggest that mergansers are attracted

to the plant's thermal discharge.

The majority of overwintering waterfowl in the
plant region were observed feeding during the
early morning census (Table G.l1-4).

The majority (80%) of the American black ducks
seen in the winter census were observed arocund
Carroll Island and for the most part were actively
feeding. Thirteen percent of them were feeding

in Dundee Creek, whereas 6% were resting in

Upper Saltpeter Creek (Table G.l-5). According

to spring brooding and summer rearing surveys,
there was very little American black duck activity
in the area, e.g., only two probable nest sites
were found on Carroll Island in April and one
adult hen with a brood of two ducklings were seen
in June and July.

In contrast to the limited American black duck
nesting activity in the survey area, 24 mallard
pairs and 2 wood-duck pairs exhibited nesting
behavior. Since American black duck and mallards
have similar nesting requirements, an insufficient
amount of suitable nesting areas is not believed
to be responsible for low spring and summer black
duck abundance in the study area.
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® The extent of brood cover was calculated to be
111.1 hectares in Dundee Creek, 80.3 hectares in
Saltpeter Creek, and 176.7 hectares at Carroll
Island.

Significance and Critique of Findings

L] Swans were found in lower numbers in Upper Salt-
peter Creek than in the other two study areas.
However, they were very abundant at a partially
plume~-affected area on Carroll Island (Area 1),
indicating that avoidance, if it occurs, is
limited to Upper Saltpeter Creek.

] The merganser was the only waterfowl attracted
to the plant's discharge area during the winter.
‘Since mergansers feed mainly on fish, their
presence in the plume area may be related to
fish which are known to be attracted to the
thermal discharges during the winter.

] Habitat and nesting surveys do indicate that the
nearfield region around the Crane power plant is
suitable for waterfowl nesting, Several species
were observed nesting in the region, including
great blue herons, green heron, bittern, plovers,
marsh wrens, wood duck, and mallard. However,
American black duck tend to underutilize the area
even though apparently suitable nesting areas
are available,

® Since several factors which are known to strongly
influence waterfowl presence in an area (i.e.,
amount of ice cover and extent of beds of submerged
aquatic vegetation) were not considered in the
analysis, the information presented in this study
only suggests effects, rather than making defini-
tive statements about the impact of plant opera-
tions on American black duck or on other waterfowl.

. Failure of the Friedman's test to find significant
statistical differences among the three areas may
be due to the infrequent occurrence of waterfowl
in the study areas, the limited sensitivity of
this analysis to distinguish area differences, and/
or the poor applicability of this analysis to the
sampling design.

. Fishermen, boaters, and poachers frequently use
the region around the plant, thereby affecting
waterfowl distribution and behavioral patterns
in the region. Human recreational activity in
the area probably obscures any observable plant
impact on waterfowl populations.
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Table G.1-2. Summary of federal Wildlife Service winter aerial census of
the Upper Western Shore of the Chesapeake Bay (Perry, 1979,

Observation Area

Upper Percent
Saltpeter Dundee Carroll Western Study
Species . Creek Creek Point Shore Area
Swans
Whistling swan 30 y2 7,222 1.0
Geese
Canada goose 200 30 39,262 0.6
Dabble Ducks
Mallard 205 360 7,830 7.2
American black duck 112 325 5,220 8.4
Common pintail 2 2 100.0
Widgeon : 10 0.0
Wood duck 7 0.0
Diving Ducks
Redhead -1 0.0
Ring-necked duck 2 0.0
Canvasback 5 37,430 >0.1
Scaup 20,668 0.0
Common goldeneye 30 4,535 0.7
Bufflehead 4,346 0.0
Sea Ducks
Oldsquaw b 871 0.0
Scoter 4,345 0.0
Stiff Tailed Ducks
Ruddy duck 6,280 0.0
Mergansers
Red-breasted merganser 1,917 0.0
Total 554 0 787 143, 822
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Table G.1-5. Sumary of America.r% Ealack duck survey of winter, spring, and
summer utilization'?) of the census area (fromRef. 25)
Qbservation Area
Jundsa Creal Saltzeher Crzek Carroll Islzand
Total
Date 02 a3 1z a2 1(0) 2{8) 3 count
B *Winter
11 DEC 78  ° 5 f 50 f 16 Ff 0 71
13 DEC 78 4 _ y
15 DEC 78 6 f ~ 20 ¢ 12 f 0 76
38 m
17 DEC 78 gr 6 m 8 r 2°r 18
- 19 DEC 78 4y r 6 r 6 f 6 0 22
oJan 79
11 JAN 79 ir yr . S5r 0 0 12
13 JAN 79 yr 4] Q 4
15 JAN 79 0T o 2 f 0 12
17 AN 79 g 5f 0 5
Total b r 267¢ 4T 81 1 hg r; 2 ¢ 224
. MMmr 38&m
Percent feeding 10 100 0 87.9 56.3 100 71.9
100 0 72.8
Ubservatlon Area
- Dundea Creek Saltpeter Cresk Carroll Island
Total
_bate 1oz 3 3 2 3 a® 2® 1 come
Spring
9 APR 79 2p 2
21 APR T9 ) 2 m 2
" Summer
-26 JUL 79 Im 3
TET__?_?-?éeding; r = resting; m = moving; p = preening.
{b) Moving ducks cculd have been feeding or resting, and
could have been interrupted by an unknown disturbance.
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Battery Point
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Figure G.1-1. Duck census observation points in the vicinity of the
C.P. Crane power plant, 1979 (fromRef. 25)
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